The basic helix-loop-helix (bHLH) transcription factor Olig2 is crucial for mammalian central nervous system development. Human ortholog OLIG2 is located in the Down syndrome critical region in trisomy 21. To investigate the effect of Olig2 misexpression on brain development, we generated a developmentally regulated Olig2-overexpressing transgenic line with a Cre/loxP system. The transgenic mice with Olig2 misexpression in cortical neural stem/progenitor cells exhibited microcephaly, cortical dyslamination, hippocampus malformation, and profound motor deficits. Ectopic misexpression of Olig2 impaired cortical progenitor proliferation and caused precocious cell cycle exit. Massive neuronal cell death was detected in the developing cortex of Olig2-misexpressing mice. In addition, Olig2 misexpression led to a significant downregulation of neuronal specification factors including Ngn1, Ngn2 and Pax6, and a defect in cortical neurogenesis. Chromatinimmunoprecipitation and sequencing (ChIP-Seq) analysis indicates that Olig2 directly targets the promoter and/or enhancer regions of Nfatc4, Dscr1/Rcan1 and Dyrk1a, the critical neurogenic genes that contribute to Down syndrome phenotypes, and inhibits their expression. Together, our study suggests that Olig2 misexpression in neural stem cells elicits neurogenesis defects and neuronal cell death, which may contribute to developmental disorders including Down syndrome, where OLIG2 is triplicated on chromosomal 21.
Introduction
The bHLH transcription factor Olig2 plays an important role in the development of the mammalian central nervous system. Olig2 is required for oligodendrocyte fate specification and motor neuron formation from neural progenitor cells during embryogenesis (Lu et al., 2002; Takebayashi et al., 2002; Zhou and Anderson, 2002) , and critical for glial development in postnatal stages (Cai et al., 2007; Komitova et al., 2011; Ono et al., 2009; Yue et al., 2006) . Although telencephalic Olig2-expressing precursors give rise to subtypes of cortical interneurons (Miyoshi et al., 2007) , the role of Olig2 in cortical neurogenesis is not fully understood.
The human ortholog OLIG2 maps to the Down syndrome critical region (DSCR) on chromosome 21. Recent studies suggest that triplication of Olig2 and its paralog Olig1 contributes to developmental brain defects in Down syndrome (DS) (Chakrabarti et al., 2010) . DS is associated with severe mental retardation and caused by triplication (trisomy) of human chromosome 21 (HSA21) that occur in~1-750 live births. Trisomies can be classified into different categories (whole-chromosome trisomy, partial trisomy, microtrisomy, or single gene triplication). Although the severity and range of DS phenotypes vary from patient to patient (Belichenko et al., 2009; Epstein, 2006; Fillat et al., 2010) , the common neuropathological changes in DS include neuronal 
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